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ABSTRACT

Two new methods have been developed to fabricate nanochannels by conventional micromachining. We succeeded in restricting the width of
the channels to the submicrometer scale, while using standard photolithography with a resolution in the order of 1 µm. The first method is
based on the sacrificial etching of a nanowire, which was formed on the side wall of a step. The second method is based on the adhesion
of the capping layer to the substrate after removal of a sacrificial strip separating the two. The fabricated nanochannels are localized and can
be connected to microchannels and reservoirs.

We report two new methods to fabricate channels, which
are confined in both height and width to submicrometer
dimensions. Both methods are based on sacrificial layer
etching, which is a well-established technique for the
monolithic fabrication of micro- and nanofluidic devices.1-4

The essence of the technique is the selective removal of the
patterned sacrificial layer to create the inner space of a fluidic
channel, leaving the surrounding material to constitute the
walls of the channel. For example, Stern et al.1 fabricated 2
mm long nanochannels with heights in the range of 20-
100 nm by sacrificial etching of amorphous silicon in a
TMAH solution. The reported channels1-4 are confined to
the submicrometer scale only in the height. The channel
width is in the micrometer range, the lower limit determined
by the resolution of the photolithographic process used. We
succeeded in confining the channel width to the sub-
micrometer scale as well, while using standard photolithog-
raphy with a resolution in the order of 1µm. A similar
approach but a different method was reported by Schmidt
and Eberl.5

Referring to Figure 1A, in method one a channel is created
on the side wall of a submicrometer step. First, a nanowire
is created on the side wall of the step.6-8 This sacrificial
nanowire is covered by conformal deposition of a capping
layer. Finally, the capping layer is opened at both ends of
the sacrificial nanowire, and the wire is etched away to create
the nanochannel. The height of the nanochannel is determined
by the height of the initial step, the width approximately by

the thickness of the sacrificial layer. Figure 1B shows a
scanning electron microscope (SEM) photograph of a
fabricated nanochannel, having a height of approximately
90 nm and a width of approximately 40 nm. The channel
was formed by etching of a sacrificial polysilicon wire. It
has a length of 0.64 mm after 15 h of etching in a 25 wt %
aqueous KOH solution at 75°C. The channel walls
consist of silicon nitride, grown by low-pressure chem-
ical vapor deposition (LPCVD). Both the step and the
sacrificial wire were created by directional reactive ion
etching (RIE).

Method two is based on the adherence of the capping layer
to the bottom layer, after removal of a sacrificial strip (Figure
1C). The capping layer is brought into contact with the
bottom layer by capillary forces during drying of the
structure. Once brought in contact, the two layers can
permanently adhere9,10 and a nanochannel is formed. If the
capping layer deforms elastically, the channel widthx is
found by minimization of the free energy, consisting of the
surface free energy and the elastic energy of the deforming
layer:11

whereE is the Young’s modulus of the capping layer,t the
thickness,g the initial gap between the capping layer and
the substrate, andγ the adhesion energy (the lowering of
the surface free energy per unit area of contact). Figure 1D
shows an SEM photograph of a nanochannel fabricated by
method two. It has a height of approximately 50 nm and a
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width of approximately 400 nm. The sacrificial material was
silicon dioxide, thermally grown on the silicon substrate
wafer. The capping layer is 20 nm of polysilicon, grown by
LPCVD. The sacrificial strip was removed by 4 min of
etching in a 50% HF solution. The short etching time is
possible because the etching is performed sideways, over a
distance of only a few micrometers. This is an advantage of
method two in comparison with method one, where etching
takes place lengthwise. To strengthen the bond between the
capping layer and the substrate, the structures were annealed
at 1100°C for 2 h. For a measured channel widthx, eq 1
can be employed to estimate the bond strength. Using a
Young’s modulus E ) 150 GPa and the dimensions
mentioned, eq 1 gives a valueγ ) 0.2 J/m2 for the adhesion
energy. This value is in agreement with the range of adhesion
energies found in wafer bonding experiments.12

The presented methods based on conventional lithography,
thin film deposition, and etching offer intriguing possibilities.
With some optimization we believe that the width and the
height of the nanochannels can be reduced down to the order
of 10 nm. The nanochannels are localized, can have large
lengths (millimeters), and can be connected to larger channels
and reservoirs created by micromachining. They could
therefore serve as an important experimental tool for studying
capillarity and phase transitions in 2D-confinement.13-18

Furthermore, due to their small internal volume they could
be useful for single-molecule experiments.
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Figure 1. Fabrication of 2D-confined nanochannels. (A) Method one is based on the formation of a nanowire on the side wall of a step.
The nanowire is subsequently encapsulated, and finally it is removed by chemical etching to create the nanochannel. (B) SEM photograph
of a nanochannel fabricated by method one. The height and the width of the channel are approximately 90 and 40 nm, respectively. (C)
Method two is based on the etching of a sacrificial strip separating the substrate and the capping layer. During drying of the structure the
capping layer is pulled down by the capillary forces of the remaining liquid, and once brought in contact with the substrate, adheres
permanently forming a nanochannel. (D) SEM photograph of a nanochannel fabricated by method two. The height and width of the channel
are approximately 50 and 400 nm, respectively.

1032 Nano Lett., Vol. 2, No. 9, 2002


